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JUSTIFIBATION. y
F B Honorable Brendan T. Byrne ‘ 15 MAY 1979 | ,«
: Governor of New Jersey """“ e W 2

Trenton, New Jersey 08621

W7

Inclosed is the Phase I Inspection Report for West Branch Reservoir Dam in
: . Somerset County, New Jersey which has been prepared under authorization
| ' of the Dam Inspection Act, Public Law 92-367. A brief assessment of
E the dam's condition is given in the front of the report.

=

Dear Governor Byrne:

i e oo oy e

Based on visual ingpection, available records, calculations and past
operational performance, West Branch Reservoir Dam, a high hazard potential
i:} structure, is judged to be in good overall condition. The dam's spillway
is considered inadequate since 26 percent of the Spillway Design Flood -
SDF - would overtop the dam. (The SDF, in this instance, is the Probable
Maximum Flood). The decision to consider the spillway 'inadequate’
instead of "seriously inadequate” is based on the fact that failure
resulting from overtopping would not significantly increase the hazard
to loss of life downstream from that which would exist just prior to |
overtopping failure. To insure adequacy of the structure, the following
actions, as a minimum, are recommended:

a. The spillway's adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of
3 | approval of this report. Operation of the reservoir at lower levels

| should be considered. Any remedial measures necessary to insure the
E ' adequacy of the spillway and to prevent overtopping should be initiated
within calendar year 1980. In the interim, a detailed emergency opera-
tion plan and warning system, should be promptly developed. Also, during
periods of unusually heavy precipitation, around-the-clock surveillarce
should be provided.

1 fj“ b. Within six months from the date of approval of this report,
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engineering studies and analyses should be performed to determine the
dam's embankment and foundation condition and structural stability. This
should include test borings to determine material properties relative to
stability and seepage and installation of piezometers to facilitate seep-
age studies. Any remedial measures found necessary should be initiated
within calendar year 1980. The dam should be surveyed and survey markers
should be installed for future monitoring.

c. The following remedial actions should be completed within six
months from the date of approval of this report:

(1) Repair the cracked and eroded areas of the spillway channel
training wall.

(2) Check the emergency outlet valves to see that they are func-

tioning properly. Regularly operate the outlet in the future to check its

performance.

(3) Remove all shrubs and trees from the embankment and clean
floating debris from the spillway area.

(4) 1Inspect the dam annually, using the criteria set forth in the
Corps of Engineers Guidelines.

(5) Keep records of all maintenance work.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New
Jersey Department of Envirommental Protection, the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congresswoman Millicent Fenwick of
the Fifth District. Under the provision of the Freedom of
Information Act, the inspection report will be subject to release

by this office, upon request, five days after the date of this

letter.
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at a reasonable cost.

1 Incl
As stated

Copies furnished:

{

|

&
4

|

Division of Water Resources

P. 0. Box CNO29
Trenton, NJ 08625

John 0'Dowd, Acting Chief
Division of Water Resources

P. 0. Box CNO29
Trenton, NJ 08625

%y “—*___._._.“._ .
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.

Additional copies of this report may be obtained from the National
Technical Information Services (NTIS), Springfield, Virginia 22161
Please allow four to six weeks from the date of
this letter for NTIS to have coples of the report available.

An important aspect of the Dam Safety Program will be the implementation
of the recommendations made as a result of the inspection. We accordingly
request that we be advised of proposed actions taken by the State to
implement our recommendations.

Sincerely,

6114¢>4f) -

‘~/ JAMES G.
Colonel, Corps of Engineers
District Engineer

Dirk C. Hofman, P.E., Deputy Director

N. J. Dept. of Environmental Protection

Bureau of Flood Plain Management

N. J. Dept. of Environmental Protection
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WEST BRANCH RESERVOIR DAM (NJ00372)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

| This dam was inspected on 5 and 21 December 1978 by Jenny-Leedshill

! Engineers under contract to the State of New Jersey. The State, under
agreement with the U. S. Army Engineer District, Philadelphia, had this
inspection performed in accordance with the National Dam Inspectio
Act, Public Law 92-367. '

3 West Branch Reservoir Dam, a high hazard potential structure, is judged

3] to be in good overall condition. The dam's spillway is considered inadequate
since 26 percent of the Spillway Design Flood - SDF - would overtop

the dam. (The SDF, in this instance, is the Probable Maximum Flood).

The decision to consider the spillway ''inadequate' instead of "seriously
inadequate' is based on the fact that failure resulting from overtopping
would not significantly increase the hazard to loss of life downstream

from that which would exist just prior to overtopping failure. To insure
adequacy of the structure, the following actions, as a minimum, are
recommended :

G i st

a. The spillway's adequacy should be determined by a qualified
professional consultant engaged by the owner using more sophisticated ; &
methods, procedures, and studies within six months from the date of f
approval of this report. Operation of the reservoir at lower levels
should be considered. Any remedial measures necessary to insure the
adequacy of the spillway and to prevent overtopping should be initiated
within calendar year 1980. In the interim, a detailed emergency opera-
tion plan and warning system, should be promptly developed. Also, during
periods of unusually heavy precipitation, around-the-clock surveillance i
should be provided. ;

b. Within six months from the date of approval of this report, {
engineering studies and analyses should be performed to determine the !
dam's embankment and foundation condition and structural stability. This
should include test borings to determine material properties relative to
; " stability and seepage and installation of piezometers to facilitate seep-
! age studies. Any remedial measures found necessary should be initiated
' within calendar year 1980. The dam should be surveyed and survey markers
should be installed for future monitoring.

I
i
! c. The following remedial actions should be completed within six
1 months from the date of approval of this report:

(1) Repair the cracked and eroded areas of the spillway channel
training wall.
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(2) Check the emergency outlet valves to see that they are func-
tioning properly. Regularly operate the outlet in the future to check its
performance.

(3) Remove all shrubs and trees from the embankment and clean
floating debris from the spillway area.

(4) Inspect the dam annually, using the criteria set forth in the
Corps of Fngineers Guidelines. \

(5) Keep records of all maintenance work.

B = \ -
APPROVED;~~ f{7X 0—4 i
- JAMFES G. TON /

Colonel, Corps of Engineers
District Engineer
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: West Branch Reservoir
Federal I.D. No. NJ 00372

State Located: New Jersey

County Located: Somerset

Stream: West Branch Middle Brook

Dates of Inspection: December 5 and 21, 1978

Brief Assessment of General Condition of Dam

Structurally the dam appears to be in good overall
condition, without any major discontinuities or evidence
of distress. Certain repairs are needed, however,
to assure the long-term integrity of the project.

The spillway of the dam is inadequate and can pass
only about 25 percent of the Probable Maximum Flood.
The dam has been overtopped once, causing considerable
damage to the downstream embankment.

Information is generally lacking on the as-built
physical properties and configuration of the dam. It
is recommended that in the near future a program of
soil borings and tests be initiated so that seepage
and stability analyses can be performed. A survey of
the dam and installation of survey markers on the dam
for future monitoring are also recommended in the near
future.

Because the dam and reservoir are no longer used
for water supply, it is recommended that alternative
methods of operating the reservoir at lower levels
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be investigated as soon as possible. A downstream
warning system should also be implemented soon. Other
recomﬁendations for operation and maintenance should

be implemented in the near future. These include repair
of the spillway training wall, operation of the outlet
valves, installation and monitoring of instrumentation
devices, removal of vegetation and debris, maintenance
of repair records, and annual inspection of the dam
along with timely repairs.

More detailed and sophisticated hydraulic and
hydrologic studies to more accurately determine the
spillway capacity should be undertaken by the owner
within six months. Remedial action, as a result of
these studies, should be initiated within one year,

In the interim a warning and evacuation plan should

be implemented to provide adequate warning to downstream
residents. Also, surveillance of the dam should be
provided during periods of heavy precipitation.

(Lé%;hwééJZfSCE;;;Zx43£27

i e’
Frank L. Panuzio, P.E.
Project Engineer

Director
New Jersey License No. 9878
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams, for
Phase I Investigations. Copies of these guidelines may be
obtained from the Office of Chief of Engineers, Washington,
D. C. 20314. The purpose of a Phase I Investigation is to
identify expeditiously those dams which may pose hazards to
human life or property. The assessment of the general con-
dition of the dam is based upon available data and visual
inspections. Detailed investigation, and analyses involving
topographic mapping, subsurface investigations, testing, and
detailed computational evaluations are beyond the scope of a
Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based.on observations of
field conditions at the time of inspection along with data

available to the inspection team. It is important to note
that the condition of a dam depends on numerous and constantly

changing internal and external conditions, and is evolution-
ary in nature. It would be incorrect to assume that the
present condition of the dam will continue to represent the
condition of the dam at some point in the future. Only
through continued care and inspection can there be any chance
that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines, the Spillway Test flood is based on
the estimated "Probable Maximum Flood" for the region (great-
est reasonably possible storm runoff), or fractions thereof.
The test flood provides a measure of relative spillway capa-
city and serves as an aide in determining the need for more
detailed hydrologic and hydraulic studies, considering the
size of the dam, its general condition and the downstream

damage potential.
iii




PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

WEST BRANCH RESERVOIR DAM
Federal I.D. No. NJ 00372
New Jersey I.D. No. 118

SECTION l1: PROJECT INFORMATION

General
a. Authority

The National Dam Inspection Act, Public Law
92-367, 1972, provides for the National Inventory and
Inspection Program by the U. S. Army Corps of Engineers.
This report has been prepared in accordance with this
authority, through contract between the State of New
Jersey and Jenny-Leedshill Engineers. The State of
New Jersey has also entered into an agreement with the
U. S. Army Engineer District, Philadelphia, to have
this work performed.

b, Purpose of Inspection

The purpose of this inspection was to evaluate the
general structural integrity and hydraulic adequacy
of the dam, and to determine if the dam constitutes
a hazard to human life or property.

Description of Project

a. Description of Dam and Appurtenances

West Branch Reservoir Dam (variously called Bound
Brook Reservoir Dam and Washington Valley Reservoir Dam)
is an earthfill structure with a concrete core wall

; 7"" ‘ Ar‘%:ﬁ"m e T R R R R S T e N R ‘ O




%) which impounds a reservoir of 805 acre feet maximum ?
capacity on West Branch Middle Brook. The dam is 330

feet long, 39 feet high and has an upstream slope of
3H:1V and a downstream slope of 2H:1V. Both sides

of the embankment are faced with riprap. The spill-
way is a concrete ogee structure at the left abutment

and there is a downstream channel cut into natural bedrock.
A 24-inch diameter emergency outlet is operated from

a control tower in the reservoir. The water supply
i outlet has been abandoned.

b. Location

The dam is located in north central New Jersey,
near Martinsville, in Somerset County. The location
of the dam is shown on Plate 1.

c. Size Classification

The size classification of the dam, based on its
39-foot height and 805 acre-feet maximum storage
capacity, is small., The criteria for size classifi-

cation of dams are set forth in the Corps' Guidelines.
A small size dam is defined as one in which the
reservoir capacity is equal to or greater than 50
acre-feet and less than 1,000 acre-feet, and/or the
maximum height of the dam is equal to or greater

than 25 feet and less than 40 feet.

d. Hazard Classification

A highway bridge is 500 feet downstream of the
dam, and the stream parallels Chimney Rock Road for
about a mile through a narrow, steep sided valley.
Within the valley are a large rock quarry plant and
a filtration plant. Further downstream is the Borough
of Bound Brook (population 10,500) where failure of
the dam could result in extensive property damage
and the loss of more than a few lives in the western
portion of the borough where it appears that several
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dozen houses and a public institution are in the
flood plain. For this reason West Branch Reservoir
Dam merits a high hazard classification,
e. Ownership

The dam is owned by Elizabethtown Water Company,
Box 111, 1341 North Avenue, Plainfield, New Jersey
07062.

f. Purpose of Dam

The dam presently has no purpose. It was formerly
used for municipal water supply.

g. Design and Construction History

The dam was constructed during the period October,
1928 to July, 1930. Clyde Potts of New York was the
engineer for the Bound Brook Water Company, the
builder of the dam. The dam was overtopped by flood-
waters in the storm of August 1971, resulting in
considerable erosion of the downstream embankment.

The embankment was restored to the original design
under the direction of John V. Dinan Company, Inc.
Ownership of the dam apparently passed to the present
owners in 1971 or 1972.

h. Normal Operating Procedures

There is little regulation of the reservoir, but
the owner reports that the reservoir is lowered in
anticipation of large storms. No other releases are

made. The dam is periodically checked by the owner's
supervisory personnel.

SRS Rt et = 1



1.3

Pertinent Data

a. Drainage Area - 6.3 square miles
b. Discharge at Damsite
Ungated spillway capacity at top of dam

- 5360 cfs.
c. Elevation (ft. above MSL)
. Top dam 194.5
. * Spillway crest 187
. Top core wall 193
. Streambed at centerline
of dam 155
. Upstream invert emergency
outlet 161
d. Reservoir Length (feet)
. Maximum Pool 4400
. Spillway crest 3700
e. Storage (acre-feet)
. Spillway crest 465
. Top of dam 805
f. Reservoir Surface (acres)
. Top dam 46
. Spillway crest 33
g. Dam
. Type Earthfill with concrete
core wall
. Length 330 ft. (approx.)
. Height 39 f£t.
. Top Width 19 £L,
. Side Slopes -~ upstream 3H:1lV
- downstream 2H:1V

. 2Zoning Selected material puddled on
upstream side of core wall

. Impervious Core Concrete core wall




h. Spillway
. Type Concrete ogee
. Length of weir 72.5 £t
Crest elevation 187 ft.
U/S Channel Reservoir
D/S Channel Excavated rock channel with
concrete training wall on
right side

i. Regulating Outlets
« 24-inch diameter C.I. pipe and gate valves
(emergency outlet)
. Abandoned 20-inch diameter water supply
outlet with sluice gate inlets in control tower




SECTION 2: ENGINEERING DATA

Design
a. Geological Conditions

West Branch Reservoir Dam is situated near the
head of a narrow gorge cut through the First Watchung
Mountain near Bound Brook, New Jersey in the central
portion of the Piedmont Lowlands Physiographic Province.
The regional geology of this province is discussed in
Appendix C to this report.

The dam is located totally on dark, hard, competent
columar "Newark" basalt. The same rock has been used
for the dumped rock facing on the dam. A 2-foot wide
fault was reported during excavation of the right side
of the dam. The spillway has been blasted out of the
bedrock on the left abutment and a concrete channel wall

constructed on the rock. The bare rock is exposed
in the channel floor and left wall. It is highly
jointed but appears to be competent.

Overburden in the immediate area of the dam site is
shallow (less than 10 feet thick) and composed primarily
of recent sandy alluvium in the streambed and what
appears to be an old, weathered, bouldery till on the
adjacent side slopes. This site is well south of the
Wisconsin age glacial terminal moraine but it was covered
by pre-Wisconsin glaciation.

The dam is located in Seismic Zone 1. This
classification indicates that the dam would be subject
to shaking from distant earthquakes.

b. Design Data

Correspondence indicates that the dam was originally
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designed to carry a roadway over the crest, and early
plans show two spillways, one at each abutment. The
design was changed sometime prior to or during construc-
tion to exclude the roadway, to raise the dam 3 feet
and to construct only one spillway at the left abutment.

Specifications and most plans that are available pertain
to earlier designs. Based on available data, the dam is
thought to be approximately as represented in plan on Plate 2.
The site topography and an earlier design of the dam are
shown on Plate 3.

Typical sections of the dam are illustrated on Plate
4, and with the exceptions of the two spillways and the
crest elevations, they are believed to represent the as-
built design. Specifications indicate that the embank-
ment material was to be compacted in horizontal layers
of 6 inches or less thickness. Two classes of concrete
were specified. The core wall was specified to be
Class B concrete, consisting of 1 part Portland cement,
2-1/2 parts sand and 5 parts broken stone and gravel.

Construction

Inspections were made periodically during con-
struction by the State, and reports on these inspections
are available. They indicate that the foundation trench
for the core wall was excavated an average of 1 to 3
feet depth to reach sound rock. No grouting was done,
as the foundation rock was considered to be good quality
with only hairline cracks.

Material for the embankment was excavated from the
reservoir area and spread and compacted with a 5-ton
bulldozer. Apparently no roller was used. The material
was described as "a clayey earth carrying about 30 per-
cent of broken and weathered trap fragments averaging

i
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2.3

two inches in size". Selected material was puddled
adjacent to the core wall on the upstream side.

The core wall was poured in a continuous operation over
a period of 6 days. A vertical crack developed in the
wall from the top to within 6 feet of ground level. The
crack was treated with bitumen and muslin.

While excavating for the west spillway, a 2-3 feet
wide fault was encountered in the bedrock. It was
cleaned out and filled to a depth of 12 feet with
concrete. Because of the presence of the fault, the plans
were changed to eliminate the west spillway, to extend
the core wall into this area, and to construct a larger
spillway at the east end of the dam. The downstream
spillway channel was to have been lined with concrete,
but the quality of the bedrock was sufficiently good that
lining was not required.

The spillway is shown in plan on Plate 5. The stone
paving indicated on the downstream side of the weir

was eliminated during construction because of the good
quality bedrock. The spillway was constructed with a
groove in the crest designed to accommodate flashboards.
The flashboards were attached to. the crest by steel

ties and were designed to break away under high water
level conditions. A request by the engineer to raise
the spillway crest a foot higher than shown on the plans
was denied by the State.

The dam was accepted by the State on June 2, 1930.

Operation

The reservoir is no longer used for water supply and
is essentially unregulated. Periodic inspections are
made by the owner's personnel.




Evaluation

a. Availability

Design drawings are available for an earlier design
of the dam. Inspection reports made during construction
are available, and there is correspondence in the State
files regarding certain design and construction con-
siderations. Most of the available data are listed in
Appendix A.

b. Adegquacy

Available data are insufficient to adequately evaluate
the structural stability of the dam. Calculations
relating to the structural design of the dam or the
stability of the as-built structure are not available.
Little is known of construction methods and nothing is
known of materials testing or as-built material properties.
There are no drawings representing the present geometry
of the dam.

c. Validity

The available drawings of the embankment (Plates
3 and 4) represent an earlier design in which two
spillways were proposed. Crest elevations on these
drawings are incorrect. Drawings of the spillway (Plate
5) are substantially correct with regard to the geometry
of the structure.




SECTION 3: VISUAL INSPECTION

Findings
a. General

The visual inspection of the dam was made on December
5, 1978, and a subsequent inspection was made on Dec-
ember 21, 1978. At the time of the first inspection
the reservoir level was 1.7 feet below the spillway
crest. No water discharges were being made.

The visual inspection did not reveal any critical
signs of distress in the dam. The remedial work to
repair damage to the embankment following the 1971
storm appears to have been done in a satisfactory manner.
The spillway channel training wall is cracked in places
and eroded at the base, and there are certain mainte-
nance matters that need to be attended to.

Detailed inspection was made of the dam, appurte-
nant structures, feservoir area, and the downstream
channel. Descriptions of the findings of these inspec-
tions are summarized in the paragraphs which follow.

The checklist of visual inspection items is included in

Appendix A. Geologic and foundation conditions observed
at the time of inspection are noted in greater detail
in Section 2.1-a.

b. Dam

The dam was inspected for signs of settlement,
seepage, erosion, cracking and any other evidence of
undesirable behavior which might affect the stability
of the structure.

The embankment appears to be in reasonably good
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condition. It is completely covered with dumped rock

riprap, and, possibly because of variations in thick-
ness of the riprap, the slopes and crest are slightly
uneven (Photo 1). The horizontal alignment of the

crest is good. Riprap is missing from a small area near
the spillway (Photo 2). There are no signs of erosion,
and no seepage could be detected. The junctions of the
embankment with the spillway and the right abutment
appear to be tight, with no evidence of separation or
movement.

A heavy growth of shrubs and small trees covers the
upstream embankment (Photo 3).

c. Appurtenant Structures
Spillway

The spillway weir appears to be basically sound,
but with indications of minor cracking, spalling and
erosion (Photo 4). The weir has provisions for attaching
flashboards but the boards have been removed (Photo 5).
There has been minor erosion and slight undercutting of
the channel at the base of the weir. The top of the
right wingwall has broken off at the upstream end
(Photo 6). The concrete at the downstream end of the
left wingwall is spalled and there is evidence of leaching
(Photo 7). There is some minor seepage through the
abutment rock adjacent to this area.

Spillway Channel

The spillway channel is cut into natural bedrock and
is unlined except for a concrete training wall between
the channel and the embankment of the dam (Photo 8).

The basalt bedrock is strongly jointed and the finished

11l
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surfaces are uneven. The concrete training wall has
, several vertical cracks extending from the base to the top

| (Photo 9). Some of the cracks show evidence of leaching.
The base of the training wall is eroded at a number of
places. At the bottom of the spillway channel the training

wall is attached to a toe wall which separates the em-

-bankment from the stilling basin.
Outlet Works

- The only working reservoir outlet is the 24-inch
diameter blowoff. It is operated from a control tower
in the reservoir with access from a bridge on the

| right bank (Photo 10). Windows in the control tower or
gatehouse are broken out and concrete has spalled from
posts supporting the bridge railing.

The water supply outlet has been abandoned and is i
capped with a steel plate (Photo 11). The 24-inch
emergency outlet empties into a stilling basin at the
base of the dam. There was some minor leakage from the
outlet pipe, indicating that the 2 gate valves were
not seated properly.

d. Reservoir Area

The reservoir is surrounded by tree-covered,
moderate slopes. There is a bridge opening at the upper
end of the reservoir, and the reservoir in this area is
shallow and partly covered by aquatic vegetation.

There is considerable debris in the reservoir near the -}
dam and at the spillway (Photos 3 and 5).

e. Downstream Channel

‘There is a stilling basin at the base of the dam. }
The downstream channel has steep tree-covered slopes.
There is a bridge over the channel about 500 feet down-




stream of the dam (Photo 12). Downstream of the bridge
the channel follows a steep ravine with a roadway on the

right bank above the stream channel. There is a small
concrete arch dam on the stream about 1500 feet down-
stream of the dam. The reservoir of the small dam was
dry at the time of the inspection.
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4.1

4.3

SECTION 4: OPERATIONAL PROCEDURES

Procedures

The water supply line downstream of the dam was
removed following damage during the 1971 flood.
Since the reservoir is no longer used for water supply,
there is little regulation. The owner's representatives
reported that they sometimes operate the emergency
outlet to lower the reservoir in anticipation of high
runoff.

Maintenance of Dam

There has apparently been little maintenance
work done on the dam, other than the major repair
of the downstream embankment following the over-
topping in 1971. Normal maintenance work is done by the
owner. No records of maintenance work were found.
Several inspection reports are available.

Maintenance of Operating Facilities

It was reported that the emergency outlet is
occasionally operated. The former water supply line has
been sealed with a steel cap where it exits from the
downstream toe of the dam.

Description of Warning System

There is no warning system and no coordination with
local authorities. The dam is checked periodically by
the owner's personnel.

Evaluation of Operational Adegquacy

Maintenance of the dam appears to be generally

adequate, although certain repairs are needed.




The presént operation of the reservoir should be
reviewed, since it is no longer used for water supply.
Alternative operation as a flood control facility or
for downstream water quality control should be con-
sidered.
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SECTION 5: HYDRAULIC/HYDROLOGIC

Evaluation of Features

a. Design Data

The capacity of West Branch Reservoir is 465 acre
feet at the spillway crest and 805 acre feet at the
dam crest. The embankment height is 39 feet. 1In accor-
dance with Corps guidelines, the dam is classified as small
in size. Failure or misoperation of the dam would result in
overbank flow that would pose a hazard to more than a few
lives and could cause excessive property damage down-
stream. Thus, the dam is classified as high hazard and the
Spillway Design Flood (SDF) is the Probable Maximum
Flood (PMF).

Data obtained from State files indicate the drainage
basin area of the dam is 6.3 square miles. Elevations
range from a maximum of 600 feet above mean sea level along
the perimeter of the drainage basin to about 180 feet
in the valley floor. About 23 percent of the land within the
watershed is occupied by commercial, industrial and residen-
tial developments. About 1.0 percent of the watershed
area is the reservoir of the dam. The drainage basin is
delineated on a U.S.G.S. topographic map and is presented
on Plate D-1, Appendix D.

The hydraulic and hydrologic features of the dam were
evaluated using criteria set forth in the Corps of Engineers,
"Recommended Guidelines for Safety Inspection of Dams",
and additional guidance and criteria provided by the
Philadelphia District, Corps of Engineers. The Probable
Maximum Precipitation (PMP) was calculated using
Hydrometeorological Report No. 33 and the Hop

16
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Brook reduction factor of 0.80 for misalignment of the
storm.

The PMF was calculated using the Corps' computer program
HEC-1, Dam Break Version. In computing the PMF the Corps
requested that the SCS triangular unit hydrograph with
curvilinear transformation be used. The computer program
was used to calculate this unit hydrograph from the
basin lag. A lag time of 0.9 hours was calculated for the
basin and used in the program.

An initial infiltration loss of 0.5 inch and a final
infiltration loss rate of 0.05 inch per hour were used
in the HEC-1l program to give the rainfall excess. These
values were selected because a relatively large percentage
of the basin area is developed and the basin slopes are
fairly steep. Using the excess rainfall and the unit hydro-
graph, the program computed the peak inflows of the 25
percent, 50 percent, 75 percent and 100 percent PMF.
These inflows are approximately 6,630 cfs, 13,260 cfs,
19,880 cfs, and 26,510 cfs, respectively.

The various percentages of the PMF inflow hydrograph
were routed through the reservoir using the Modified Puls
Method by the HEC-1DB program. The beak outflow
of the 25 percent, 50 percent, 75 percent and 100 percent
PMF were calculated to be approximately 5580 cfs, 12,580
cfs, 19,180 cfs and 25,760 cfs, respectively. The flood
routings indicate that all floods greater than about 25
percent of the PMF will overtop the dam. A plot of percent
PMF versus peak outflow discharge is presented as Plate
D-2 in Appendix D.

The spillway and overtop stage-discharge rating curve
used in the flood routings was calculated using the weir
equation and assuming free overflcw across the entire
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length of the dam and spillway. The spillway is a modified
ogee crest weir with a reported discharge coefficient of
3.6. The main embankment is a round-crested weir with an
estimated discharge coefficient of 3.1. The reservoir stage-
storage curve was determined from U.S.G.S. 7.5 - minute
topographic maps and data obtained from State files.

This stage-storage curve was extended above the dam crest

to include surcharge storage during peak flood discharges.

In the reservoir routing computations possible discharges
through the outlet works were excluded because their cap-
acity is small compared to the PMF and because of the
possibility that the outlet valves may be closed; The
stage-storage and the spillway and overtop stage-discharge
curves are presented in Appendix D as Flates D-3 and D-4,
respectively.

The various percentages of the PMF were routed 0.7
miles downstream to a point where the stream channel
crosses under Chimney Rock Road. At this location is
a filtration plant and associated structures, and just
downstream of the plant is the very small community of Chimney
Rock. These routings were made to determine downstream
flooding characteristics without dam failure. The flooding
characteristics, assuming no breach of the dam, were
compared to those that would result assuming the dam fails
because of the inadequate capacity of its spillway. From
this comparison the seriousness of the spillway's ina-
dequacy was assessed.

The hydraulic parameters used in the HEC-1 program for
the downstream routing calculations were estimated based
on observations made in the field and information obtained
from U.S.G.S. topographic maps. The locations of the
cross-sections used in the routing calculations are shown
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on page D-g6, Appendix D.

The breach parameters used in the HEC-1 analysis
are: the breach is trapezoidal in shape with 45-degree
side slopes, is 190 feet wide at the base, will extend to
the approximate original reservoir floor elevation (160'),
will begin breaching when the dam is first overtopped,
and will develop to its maximum size in 6.0 hours.

The flooding characteristic at the filtration plant and
the nearby rock quarry are summarized for the various
floods in the following tabulation. At this location

there would be a high hazard to personnel and property. |4

25% PMF 50% PMF 75% PMF 100% PMF

No Breaching

Peak Discharge, cfs 5540 12,500 18,960 25,530

Peak Flow Depth, ft 7.9 11.1 13.0 14.6
Peak Flow Width, ft 190 275 .~ 320 355
Peak Flow Velocity,

fps 8.2 8.8 9.5 10.1
Breaching
Peak Discharge, cfs 6320 14,670 21,830 28,360
Peak Flow Depth, ft 8.4 11.8 13.8 15.2
Peak Flow Width, ft 200 295 340 370
Peak Flow Velocity,

fps 8.2 9.1 9.7 10.3

Information obtained from the State's files indicate
that the drain for the reservoir is a 24-inch diameter
pipe. Using the orifice flow equation and assuming no
tailwater at the outlet or inflows into the reservoir,

the time required to drain the reservoir from the spillway
crest full condition was calculated to be about 3.5 days.

R
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b. Experience Data

Records of lake levels are not maintained for this
site. The reservoir is unregulated and unused. The reser-
voir is generally at or near its maximum storage level.

It is known that the dam was overtopped in 1971.

c. Visual Observations

There is a well defined channel downstream of the
embankment. No dwellings were observed on the banks
of the immediate downstream channel. About 500 feet
downstream of the dam is a bridge that, during high
flows, would constrict flows if the dam does not fail.
The constriction would tend to attenuate the downstream
flood.

d. Overtopping Potential

As indicated in Section 5.1l-a, West Branch Reservoir

Dam spillway can pass only 25 percent of the PMF.

During the PMF the embankment would be overtopped for about
5.7 hours and would have a maximum overtopping stage about
6.2 feet abov2 the dam crest. These overtopping heights
assume the dam remains in its current condition. This
amount of overtopping would probably result in a dam breach.

The data tabulated in Section 5.1-a were used to
assess the degree of significance that overtopping failure
would increase the downstream hazard. As shown in the
tabulation, for all the floods that were studied the
flooding characteristics assuming the dam fails are not
significantly different from those that would exist if
the dam does not fail. Thus, failure caused by inadequate
spillway capacity does not significantly increase the down-
stream hazard and the spillway should be classified as
Inadequate.
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E | O SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stability

Y=o

:3 a. Visual Observations .

g | The visual inspection did not  indicate any signs of

E | structural instability of the embankment. The crest align-
ment is good, the downstream slope is reasonably even,

| and no indications of seepage through the embankment

were observed.

T T e Searr ey
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The concrete spillway appears to be in fairly good
condition, although there is some erosion at the base
[ of the weir and the right wingwall has been damaged.

; The natural rock spillway channel may be subject to some ;
5 erosion and frost action along the joints, but basically
i the rock appears to be competent. The concrete training {
; ¢ wall on the right side of the spillway channel is cracked ;
| in several places and the concrete is badly eroded from ‘
the base of the wall at several locations.

e e

b. Design and Construction Data

The design of the dam was changed during construction, |
so that most of the available design drawings do not
show the present configuration of the dam. The designs
of fhe embankment slopes and core wall appear to be ade-
7 | quate, and construction reports indicate that the core
- i wall was founded well into bedrock. Very little is known
fu about the placement of embankment materials and hothing
is known of the as-built properties of the materials.

s AN

c. Operating Records

There are no records of reservoir operation. There is 3

— | 'f 21




no instrumentation to detect seepage or measure pore
pressures or phreatic levels in the embankment. No
recent survey of the dam is known to exist.

d. Post-Construction Changes

No records are available of the work done to repair
the embankment following the 1971 overtopping, and the
condition of the core wall following the flood is not
known. Visually, the workmanship seems to have been of
good quality.

e. Seismic Stability

The dam is located in Seismic Zone 1 in which it
may be generally assumed that there is no hazard from
earthquake, provided static stability conditions are
satisfactory and conventional safety margins exist.
Although the dam appears to have adquate static
stability, a stability analysis would be needed to
verify this.

22
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SECTION 7: ASSESSMENT, RECOMMENDATIONS
AND PROPOSED REMEDIAL MEASURES

Dam Assessment

a. Safety

The spillway of the dam is inadequate and can pass
only 25 percent of the Probable Maximum Flood. The dam
was overtopped in 1971, causing considerable damage to
the downstream embankment.

Structurally, the dam appears to be adequate. The
slopes and crest are without any major discontinuities
or evidence of distress. Although nothing is known of the
embankment materials, it is known that the dam has a
concrete core wall that extends into bedrock. However, the
core wall should not be expected to provide structural
stability if overtopping should again result in removal of
embankment materials.

The spillway channel training wall is cracked, eroded
and in need of repair.

b. Adequacy of Information

Data are insufficient to evaluate the stability of the
dam, since little is known of the design or construction
of the dam, and nothing is known of the as-built
properties of the embankment materials. The present
condition of the core wall is not known. Insofar as is
known, the dam has not been surveyed in recent years.

c. Urgency

The operation of the reservoir should be reviewed
as soon as possible, as should implementation of a down-
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? ' > stream warning system. Other measures as itemized below
: are of a less urgent nature and should be implemented in
the near future.

d. Necessity for Additional Data/Evaluation

Corps of Engineers Guidelines require that, in
general, seepage and stability analyses should be on record
for all dams in the high hazard category. In view of
} ; the fact that West Branch Reservoir Dam is a high hazard
: dam which has an inadquate spillway and which has been
overtopped, it is recommended that a program of soil
borings and laboratory tests be performed by the owners
to determine the physical properties of the dam and

foundation materials so that seepage and stability
analyses can be performed. Such a program should also
include the installation of piezometers on the crest
and downstream slope to establish the internal water

| leveis of the dam. Evaluation of all data should be
made by experienced geotechnical and soils engineers. '

It is also recommended that the dam be surveyed to
verify the existing crest elevation and side slopes.
This could become the basis for periodic monitoring 2
surveys in the future.

More detailed and sophisticated Hydraulic and
hydrologic studies to more accurately determine the
spillway capacity should be undertaken by the owner
within six months. Remedial action, as a result of
these studies, should be initiated within one year.
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i 7.2 Remedial Measures

E a. Alternatives

It is recommended that as soon as possible the owner
investigate alternative methods of operation of the reser-
voir, since it is no longer used for water supply. Such
% alternatives could influence the means of obtaining

;

- adequate spillway capacity and eliminating future over-
topping of the dam. The alternatives might include its

3 conversion to a flood control facility by construction of
' a new low-level spillway to supplement the existing

{ spillway. Another alternative is to maintain a lower

3 operating level by installing a low-level standpipe
downstream of the emergency outlet valve. Other alter-
natives might suggest themselves, including, of course,

P PN,

abandonment and breaching of the dam.
b. Operation and Maintenance Procedures

The following operation and maintenance procedures

are recommended:

1. Repair the cracked and eroded areas of the

spillway channel training wall.

2. Check the emergency outlet valves to see that i
they are functioning properly. Regularly
operate the outlet in the future to check its

5 performance.

! 3. Install and periodically monitor the piezometers
g | and survey markers as recommended above in
Section 7.1-d. g

E 4. Remove all shrubs and trees from the embankment o
and clean floating debris from the spillway area.

25
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Inspect the dam annually, using the criteria set
forth in the Corps of Engineers Guidelines.

Keep records of all maintenance work.

Establish and implement an emergency warning

plan to provide adequate warning to downstream
residents. Also, surveillance of the dam should
be provided during periods of heavy precipitation.
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Photo 1 - Rock facing on downstream embankment,
looking toward right (west) abutment.
(December 5, 1978)
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A Photo 2 - Crest of dam, looking toward right
A7 abutment (December 5, 1978)
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Photo 3 - Shrubs and small trees on upstream
embankment. Spillway at left.
(December 5, 1978)

Photo 4 - Spillway weir and right wingwall.
(December 5, 1978)
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Photo 5 - Spillway weir and left wingwall
(December 5, 1978)
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P Photo 6 - Broken top of right wingwall of
f?}' spillway. (December 5, 1978)
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Photo 7 - Leaching
and spalling of concrete
at downstream end of

left wingwall. Minor
seepage through abut-
ment rock. (Dec. 5, 1978)

Photo 8 - Spillway channel cut in bedrock
(December 5, 1978)
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Photo 9 - Cracked and
eroded area of spill-
way channel training
wall. (December 5, 1978)

Photo 10 - Gatehouse and staff gage near right
bank of reservoir. (December 5, 1978)
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Photo 11 - Abandoned 20-inch diameter outlet -(left)
and 24-inch emergency outlet (right).
(December 5, 1978)
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Photo 12 - Downstream channel and bridge on Chimney
Rock Road. (December 5, 1978)
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REGIONAL GEOLOGY - PIEDMONT LOWLANDS

Physiography

The Piedmont Lowlands Province of New Jersey lies
northwest of a line approximately between Trenton and
Perth Amboy and southeast of an approximate line between
Milford on the Delaware River and Mahwah near the New
York State border. Physiographically, the province
is situated between the predominantly Precambrian age
New Jersey Highlands Province to the northwest and the
typically unconsolidated Creataceous age and younger
sediments of the Coastal Plain Province to the south-
east. (See Figure C-1].

Bedrock

The Piedmont Lowlands, encompassing about one-
fifth of the state, is characterized by northwestward
dipping bedrock composed of interbedded red shales,
siltstones and sandstones of Triassic and Jurassic age
and igneous basalt extrusions (lava flows) and diabase
intrusions of Jurassic age. The sedimentary rocks have
been eroded to a broad southeastward sloping piedmont
plain. The northwest border of the province is a north-
east-southwest trending fault zone (Ramapo Fault)
which truncates the sedimentary beds. Total vertical
displacement on the fault may reach 10,000 feet.

The gently rolling lowland topography of the piedmont
lowlands is pierced by long asymetric ridges of hard

S —

foy AT

o

R

E:
t
4

e e vamswwmw':'-"”ﬂ“-“-?’ﬂ*‘ﬁ* W

W

R




\\) and resistant igneous rocks which were intruded into or

g b on top of the sedimentary sequences. With the subse-

| quent erosion of the softer sedimentary rocks, these

; igneous formations have been left standing, often in

' bold relief, up to 400 ft. above the surrounding plains.
The igneous bodies composed of diabase and basalt form the }
Palisades along the Hudson River and the three Watchung g
Mountain ridges of the central Piedmont. The ridges

are all steeper on the southeast with gentle dip slopes
to the northwest.

Overburden %
B

The Pleistocene Age Wisconsin continental glacier
has smoothed and filled approximately the northern half
of the province. The terminal moraine of the glacier :
extends from Perth Amboy to Summit then northwest- |8
ward to Morris Plains. North of the morainal line the i'
soils characteristically consist of glacial tills over- |
lying the bedrock with scattered overlying stratified
outwash deposits. At least three large glacial lakes
i occupied portions of the area north of the moraine at
different periods, resulting in a relatively flat
topography composed predominantly of silts and clays.

South of the terminal moraine, most of the over- !
| burden consists of alluvial deposits overlying a more

l
. § highly developed weathered transition zone on top of the ?f
: f bedrock. Some highly weathered tills of pre-Wisconsin ﬁ»
| B glaciation can be found on the top of intervalley ridges. f;

Much of the alluvium is glacial outwash. -
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HYDROLOGIC AND HYDRAULIC COMPUTATIONS
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W. Resacy’ Rex.
CHECKX LIST . ;

KYDROLOGIC AMD ![YDRAULIC DATA
ENGINEERING DATA

DRAIMACE AREA CHMARACTERISTICS: (-3 <q. me-

ELEVATION TOP NORMAL POOL (STORAGE CAPACITY):_ ! 87 er Ll4as¢ pr)

ELEVATION TOP FLOOD CONTROL POOL (STORAGE CAPACITY): [G4.& (B80S AF )

ELEVATION MAXDOM DESIGN POOL:

ELEVATION ToP pam: )94.§ £

crest:_ Spr G AT

a. Elevation |87 e
b. Type _Concacorr =
¢, Width _—

d. Llength 2.5
e. Llocation Spillover _LEET [renrmensT (M ookzry Downcrr.onn)

£. MNumber and Type of Gates (2 25T 0P Fifguyopen s D)

OUTLET WORKS:

a. Type _1-24"proc 8 Care Vmye
b. Llocation_
.¢. Entrance inverta _ ‘oL

“d, Exit inverts

e. Ecergency draindown facilities

HYDROMETZOROLOGICAL GAGES:
a. Type Strce
b. location _Pirzutet o sNTAYT TOWIR
€« Records

.MAXDMM NON-DAMAGING DISCHARGE:.. S 360 ¢FS
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e 5 pomm BROOK WATER COMPANY .

" APPLICATION No. 118
LOCATION 25.33-&.1;.1.

On s.w&or 20, 1929 letter wae rooeind from nr. CIydo Pottis,
Consulting Engineor, stating that since a fault and & sean has been dis~
covered in the foundation for the Proposod west spillway cf the above dam, e i
it is desired to omit the wost spillway and to construct a single larger ' 1
spillway at the site of the proposed éast spillway. The letter »as ec- ; ' !
companied by a copy of the attached drawing, J. : !

AOTTE I IGEA PO MTNI1 Sy AT S ST ST L TR 15 I AT AETEY A N5 N IRA O Py avrmwm‘-’ OBt 3.8 MBS b ! :

Exarination of the druing shows that the single spillwey as
desigoed will discharge 2,435 second feet or 386 cubio feet per second per
square mile of drainage area with the flash boards on, as eonpsrod Ii.th 375
by the two cpnlnyn romrly propond. . X _

!ho .pulny ohannel will uuhargo 2,435 looond toot ﬁth‘x | 3 dopth : -
of flow of l;.1 foet and a velocity of 22 feet per second. Training walls are
prcvldod tdoqutte to protect the east bank md tho downstrean ﬁll tro  erosian. :

Joea P i
SR e . L Om s.ptcnbor 2, 1929 tho cieo for tho cinglo apillway was inspected
} ey Tnf.:‘» by tho writer in company with Kr. Badeau of Nr, Potts's office, lUr. Bd‘u'. the
B * Contractor, and Ur, ll. B. Johnson, Auismt State Geologiste - - ‘i \\

,—_- B L kook has boon uncmnd 1n tho tpnlny channel eand nt tho m- ;
' trou side of the spillway structure. Tho rook is sound and satisfactory,, i
S X A '

e At the west end of the danm treuch for core wall hes been carried.

back into the bank 10 feet beyond the flow line and into solid ledge rook \
to depths of from i to 12 foet, The fault orossing this trench has been [

cleansed out to its full width of 2 feet and to a depth of 12 feet fori e dicr- ‘
tence of 15 feot above the coro wall and will be filled with conecrete. The : '\ !
P borisontal Joint, which appears in the rock below the core wall was e xamined by ;
s anccib o 3 Johnton and promounced to be an insignfﬁ.emt cooling erack in'‘the: ;nohi A

I :
: " Core wall is 1007 complete. Upntronn £111 80% and dusmstroam £111: s '
7. .- . 90R complete. conpteting is utuftotory. 8pi.11ny ohumol exemtlon hp;‘ \‘ \ |

complete, - e -
° The writer recommends the nccqﬂ:onu of the utenehed dnwln; as A ‘ N

" ohange in detail under the plans approved November 9th, 1927, and the & {prml .\\

of the foundstion for the sirgle spiliway at the east end of the dam.

\
If these recozmerdations are aceoptod by the Chief tngineor. M. ?\ ]
?otu'l offica should be notified. . H : i

t |
! { JGM . Bmka.
{ Tronton, N. Jes w‘“}“ Blg!.nur.

; Soptubo‘r.Zh. 1929, E e T e O
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o g CL¥DE POTTS ‘
G M e e " CIVIL AND SANITARY ENGINEER - nganED : *
- 30 cHuACH ST. Bl i e
R - . NEW YORK CITY, , S SEP 30 w2l s o
wpﬂrlmelltd ;

| e &Wni
l::“:: eng?;% 019‘2‘7"""“" September 27th, 1927,

1 sy wnmim Ao SEP 30 1921

mmucmoum. \\‘3

Demrtment of Consemtion & Develo;ment. A it

Division of ‘Taters, R el R v PO

State O:ffice Building, o T e R R Y M S0
Trenton, New Jersey. - - el e SR P PR

By Gebt;emen: ]
P > el Desiring to construct a dam on the '.'lest Branch
of :.I;de].e Brook, tributary to the Raritan River, at Bound

o ; Broon, in Somerset County, in the State of New Jersey,

: the -Bound 3rook Water Company submits herewith the followi.ng
information and resvectfully requests the :lesue or a pen— 4 g
-mit by your Department: 3 e AT

z " % N
Area. of watershed S e e S sq. n.nee. ;
liax, depth of pond ; ..;. . = 28 feet. S,
Area of water surface : = 42 acres., .’ -
‘Capacity of spillway at 6 rt. hea.d =2650 c.f.8. eonputed 'by A
"u’*‘_- e .1';.-"'_"4-'-: '4?!".' 2o ..-_;gt..“::' b . the formula aaes et
‘ S o st,oms/z

ca.pacity of blow-off pipe and gste :
at 28 feet head Piis o e

‘r"' ’-‘-.
5 Y

= 80 C.f.s.’ computed by
= 0.5 92 end pipe frie- S
. 2g tion by Hazen-

Lol 2 SR : R ¢ gt .Villiams for-
oy e A GRS S IR “mula with,
90 o B The cape.city of 20* 1ine ('2500 L e e=100 . ¢
-+ L . ... ft. long) to aerators vith i =l
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- Memorandum ree.

L

Dam Application Fo. 118, $45 ;
Viest Branch Reserwir, Bound Brook Fttcr Co. ; 8 e

° On Karch 21, 1930 Ur. ?-’uton Gavett of Mr. Clyde Potts' office .
called at the Trenton office and on behalf of lir. E. D. LaTourette,
President of *he Bound Brook Water Company, requested permission to raise
the crest of the concrete spillway and the crest of the ﬂuhbarda ons
foot above the elevation shown on the drawing approved by our Chief En-
gineer on Septenber 25, 1929. The purpose of the increase in height is to
obtain edditi onal storage. The concrete weir forming the spillway crest
has not yet been poured and Mr. Gavett asked for & prompt ruling on the re=-
quest so that it can be poured soon. =

Inspection of the dam of March 1, 1930 lhovod all of ths work
practically completed except the spillway weir and ‘the gate houu super-
structure. The pond wes half filled. ;

‘The spillway details anprond by the Chief Enginnr on seatonbor
25, 1929 shov an 0.C. section concrote weir with a crest length of
feet at Elevation 187.0 surmounted by wood flasBboards designed to go aut

-4n high water, having their crest at Elevation 188.0: the top of the earth

dem at Elevation 194.5 and the top of the concrete core wall st Elevation

1
\

193.0.With weter at top of core wall this gives 5.0 ft. head over the flash--

boards with 1.5 ft. freeboard and a discharge of 2435 sec. re. or 386 sec.

ft. per 3q. mile fron 6.3 sq. miles of watershed.

‘With the flashboards vuhod out the uouity wou!d bo about 500
sec. ft. per sq. mi.

With the orests raised as requested the discharge capacity vith
flashboards in place would be tut 170 sec. ft. or 276 sec. ft. per sq.
mile, and with flashboards washed out adbout 386 sec. ft. per sq. mi.

Our flood flow studies indicate a nmdm £1o0d of L70 sec. ft.

per oqunn mile and I recornmend that the request be denied.

Tremton, Ne do - - Johz N. Brooks, ~ 5L
March 21, 1950. Assistant Division Engineer.
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